Diamond is the quintessential covalently bonded crystal: it has the highest hardness and thermal conductivity of known materials. These unique properties are determined by or deeply related to the phonon spectrum of diamond. (Phonons are collective vibrations of crystal lattice ions.) Doping of diamond by group III (e.g., boron) or V atoms (e.g., phosphorus) turns it into a por n-type semiconductor, enabling applications such as UV-light emitting diodes 1 and diamond-based UV lasers. Heavily doped diamonds undergo a superconducting phase transition above the liquid helium temperature, 2 in which electron-phonon interaction is thought to play a critical role.
of 20,000 transient reflectivity traces. To achieve high precision, the time delay is carefully calibrated by incorporating it into the scanning arm of a Mach-Zehnder interferometer. Figure 1 shows the change in transient reflectivity of a synthetic single-crystal diamond sample. Following the impulsive optical excitation at t=0, which macroscopically excites in-phase lattice vibration (coherent phonon), the reflectivity starts to oscillate with a period of 25fs. 8 The frequency of ∼40THz, or ∼1330cm −1 , agrees well with the Raman active optical phonon of diamond: i.e., lattice phonons induced by Raman-scatteringtype light-material interactions. In the short time window of the figure, the oscillation is hardly damped. The oscillations persist for more than 300 cycles before dephasing on an 8ps timescale. Correspondingly, the linewidth of the peak in the
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Fourier transform spectrum in the figure inset is very narrow (∼0.05THz). Since the lifetime and frequency of the coherent optical phonon depend on the concentration of the impurity, timeresolved measurement can serve to evaluate the crystallinity of diamond-as Raman scattering does-but with even higher accuracy.
The coherent phonon signal essentially vanishes after rotating the sample by 45
• within the plane of the surface. The orientation dependence with respect to the light polarization is consistent with the off-diagonal Γ 25 symmetry Raman tensor that is primarily responsible for coherent phonon generation in group IV crystals such as silicon 4 and germanium. 9 Doping by parts per million amounts of nitrogen impurities affects coherent phonon features-e.g., amplitude, lifetime, frequency-as well as the color of single-crystal diamond.
With increasing pump power, the amplitude of coherent lattice vibration increases linearly, as measured by changing reflectivity. Since the excitation photon energy of 3.14eV that we obtained is too low for single-photon indirect (5.48eV) or direct (7.3eV) bandgap excitation, the linear power dependence indicates the off-resonant Raman nature of coherent phonon generation. The extraordinarily long lifetime is independent of pump power or phonon amplitude and, for that reason, is not affected by photoexcited carriers. Thus, diamond provides a textbook example of an electromagnetic field driving coherent lattice oscillations through stimulated Raman scattering, without generating photoexcited carriers.
In summary, we applied a simple pump-probe technique to investigate the ultra-fast dynamics of coherent, 40THz optical phonons of diamond. The coherent phonon response shows strong sensitivity to doping and provides a powerful method for evaluating ultra-fast electron-phonon coupling dynamics in semiconducting and superconducting diamonds.
